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Background of the Invention 

The present invention generally relates to ex- 
cision and removal of tissue in surgical procedures, 
and more specifically to the use of fluid jet means 
for excising and removing tissue. In particular, the 
invention is directed toward the emulsification and 
removal of the lens of the eye to treat cataracts 
and similar disorders. 

In recent years the treatment of cataracts 
through surgical techniques has become routine 
and highly successful. Generally, the affected lens 
of the eye is removed from its capsule within the 
eye, and a lens prosthesis is installed within the 
capsule. Through prudent choice of prosthesis and 
refractive power, it is often possible to provide 
normal vision to a patient who would otherwise be 
sightless. 

The step of removing the cataract-bearing lens 
was originally found to be difficult when performed 
by traditional surgical techniques. An incision suffi- 
ciently large to permit removal of the hard lens as 
a unitary object creates trauma to the delicate 
ocular structures, and results in prolonged recovery 
and patient discomfort. Moreover, it is generally 
considered vital to maintain the integrity of the 
posterior wall of the lens capsule to prevent the 
fibrous vitreous humour of the posterior chamber 
from invading the anterior chamber of the eye and 
affecting the iris and other important structures. 
The capsule is easily damaged by traditional sur- 
gical techniques. 

As a result of these constraints, new tech- 
niques such as micro-cutters and acoustic emul- 
sification have been introduced to increase the 
safety of the cataract removal procedure and de- 
crease the trauma to the eye. In the fomner tech- 
nique an inner needle reciprocates within an outer 
sheath that includes an intake port; vacuum pres- 
sure applied to the inner needle pulls tissue into 
the port, the end of the needle shears it off. and it 
is drawn away by the vacuum-induced flow through 
the needle. In this manner a hard object such as 
the ocular lens may be cut away incrementally and 
removed through a small puncture hole. In the 
latter technique ultrasound energy is directed to- 
ward the lens via an acoustic probe to fracture and 
emulsify the lens, and a vacuum channel then 
removes the lens detritus. 

Although these techniques are generally suc- 
cessful, they also have limitations. Micro-cutters 
may fail to remove all of the lens tissue, and the 
instrument itself may puncture the posterior wall of 
the lens capsule. Likewise, the acoustic probe used 
in acoustic emulsification is limited in the amplitude 
of energy it can direct to the lens, and may fail to 
emulsify all of the lens tissue. 
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Summary of the Invention 

The present invention generally comprises a 
method and apparatus for the excision and removal 

5 of tissue, such as the lens of the eye. The Inven- 
tion employs a fluid jet to fracture and emulsify the 
lens tissue, and vacuum aspiration to remove the 
lens tissue as it is emulsified. 

The apparatus of the invention includes a pen- 
to cil-like handpiece having a probe assembly extend- 
ing from the distal end thereof. The probe assem- 
bly includes an inner jet tube which is adapted to 
direct a high pressure jet of fluid toward a tissue 
target, and an outer concentric aspiration tube that 

75 is adapted to aspirate fluid and remove it from the 
target area. The jet tube is recessed proximally 
within the concentric aspiration tube, and the as- 
piration tube has an end area significantly larger 
than the end area of the jet tube. These factors 

20 cooperate so that the negative pressure exerted by 
the aspiration tube creates a suction force that 
offsets and exceeds the force of the fluid jet. 

The jet tube is connected proximally to a fluid 
pressure system which includes a positive dis- 

25 placement pump, a pressure regulator, safety re- 
lease, control valve, and a pulse former. Thus the 
jet tube emits pulses of high pressure fluid that 
impinge reiteratively on the tissue target, such as 
the ocular lens, The pulses create shock waves 

30 that fracture and emulsify the lens tissue, and the 
fluid also acts as a solvent to transport the emul- 
sified tissue into the aspiration tube. The aspiration 
tube is connected proximally to a negative pres- 
sure system comprising a vacuum pump, an accu- 

35 mulator, and a vacuum regulator. The handpiece 
also includes a vacuum bypass port disposed to be 
selectively occluded by a finger of the surgeon, so 
that vacuum pressure may be released immedi- 
ately when needed. 

40 The system also includes a control system 
which monitors and sets the vacuum pressure, the 
fluid jet pressure, the pulse rate, and other system 
parameters. A foot control is provided for the sur- 
geon as an on/off switch that requires no manual 

45 input. 

Brief Description of the Drawing 

Figure 1 is a partially cutaway side elevation of 
50 the handpiece assembly of the present invention. 

Figure 2 is an end view taken along line 2-2 of 
Figure 1. showing the distal end configuration of 
the probe assembly. 

Figure 3 is an end view taken along line 3-3 of 
55 Figure 1 , showing the proximal connections of the 
aspiration tube and fluid pressure tube to the hand- 
piece assembly. 
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Rgure 4 is a magnified perspective view of the 
distal end of the probe assembly. 

Rgure 5 is a functional block diagram of the 
vacuum aspiration system, fluid pressure system, 
and control system of the present invention. 

Rgure 6 is a functional block diagram of one 
embodiment of the fluid pressure/pulse former sys- 
tem of the invention. 

Rgure 7 is a cross-sectional elevation of one 
embodiment of the pulse former of the fluid pres- 
sure system. 

Rgure 8 is a plan view of the rotating disk of 
the pulse former of Rgure 7. 

Rgure 9 is a cross-sectional elevation of an- 
other embodiment of the pulse former of the fluid 
pressure system. 

Rgure 10 is a cutaway perspective view of the 
probe portion of the invention in use removing the 
lens of the eye. 

Description of the Preferred Embodiment 

The present invention generally comprises a 
method and apparatus for the excision and removal 
of tissue, such as the lens of the eye. The appara- 
tus of the invention includes a pencil-like hand- 
piece 11, shown in Rgure 1. The handpiece in- 
cludes a tubular body 12 having a tapered distal 
end 13 and a proximal end 14 in opposed relation- 
ship along a longitudinal axis. A pair of flow chan- 
nels 16 and 17 extend through the body 12 parallel 
to the longitudinal axis. Extending distally from the 
end 13 is a cannula probe assembly 18. As shown 
in Rgures 2 and 4, the probe assembly 18 com- 
prises an inner tube 19 and a concentric outer tube 
21. The diameter of the inner tube 19 is signifi- 
cantly smaller than the diameter of the outer tube 
21, For example, the inner tube may comprise an 

18 gauge needle, and the outer tube may comprise 
an 1 1 gauge needle. As a result, the area of the 
opening of the outer tube 21 is significantly greater 
than the area of the opening of the inner tube (i.e., 
equal to or greater than approximately 5 times the 
area). Furthermore, the distal end of the inner tube 

19 is recessed proximally with respect to the distal 
end of the outer tube 21 on the order of approxi- 
mately 1 mm. 

The inner tube 19 is connected directly to the 
flow channel 16 in the tubular body 12. The proxi- 
mal end of the flow channel 16 is connected to a 
tube assembly 22 that is connected to a controlled 
fluid pressure source. The outer tube 21 is con- 
nected to a distal flow space 23 within the distal 
end 13, and the distal flow space is connected to 
the flow channel 17. The flow channel 17 joins a 
proximal flow space 24 at the end 14 which is 
connected through the tub assembly 22 to a con- 
trolled negative pressure source. (The tube assem- 
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biy 22 may comprise concentric tubes, as shown in 
Figure 3. or adjacent tubes joined to the end as- 
sembly 14.) Thus the handpiece 11 is configured to 
deliver a fluid jet from the distal end of the inner 

5 tube 19 while simultaneously providing aspiration 
of fluid and flowabte substances through the distal 
end of the outer tube 21 . 

In addition, the tubular body 12 includes a port 
26 adjacent to the distal end 13 that extends to the 

10 distal flow space 23. The port 26 is positioned to 
be occluded by a fingertip of the hand that wields 
the handpiece, so that negative pressure will be 
delivered to the tube 21. Opening the port 26 by 
lifting the occluding fingertip permits ambient air 

75 inflow that eliminates the aspiration effect at the 
distal end of the tube 21. The port 26 thus com- 
prises a safety release feature for instantaneous 
interruption of the aspiration function. 

The apparatus also includes systems for sup- 

20 plying negative (vacuum) pressure and fluid under 
pressure to the handpiece, as well as a control 
system for the vacuum and fluid pressure systems. 
With regard to Rgure 5, the fluid pressure system 
includes a fluid reservoir 31 connected to a positive 

25 displacement pressure pump 32. The output of the 
pump 32 is fed through a selectively variable pres- 
sure regulator 33 and a safety pressure release 34 
to an on-off control valve 36, The output of the 
control valve is connected to a pulse forming de- 

30 vice 37, as described below, and thence to the 
tubing assembly 22 and the handpiece 11. The 
pulse rate may be set from zero to continuous flow, 
the rate depending on the density, fibrosity, and 
resiliency of the tissue. 

35 It is significant that the fluid pressure system is 

arranged to deliver pulses of high pressure fluid to 
the cannula probe 18; the pulsatile nature of the 
fluid jet emitted from the cannula induces shock 
waves in the target tissue and aids in fracturing and 

40 emulsifying the tissue to facilitate aspiration and 
removal. In addition, the fine stream of fluid under 
pressure creates a tissue incising effect at a rate 
dependent on the nature of the tissue and the level 
of fluid pressure. The fluid pressure system is 

45 adapted to provide pressure in the range of 0-300 
kp/mm.The optimum operating range is 10 to 15 
psi, depending on the composition of the tissue. 

The vacuum pressure system includes a vacu- 
um pump 41 connected through a selectively vari- 

50 able regulator 42 to an accumulator 43. The accu- 
mulator may comprise a standard aspiration collec- 
tion bottle known in the medical arts, in which the 
bottle defines a plenum volume maintained at a 
negative pressure by the regulator 42 and pump 

55 41 . An aspiration tubing line extends from the ac- 
cumulator 43 through a safety, bypass 44 to the 
handpiece 11. The system is arranged to provide a 
negative pressure in the range of 0-24 inches Hg 
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for optimum aspiration effect. 

The control system comprises sensor/actuator 
devices connected to the fluid pressure line and 
the vacuum accumulator to monitor and adjust 
these pressures to maintain optimal, adjustable lev- 
els. The control system also Includes a logic sys- 
tem or microprocessor under software control to 
monitor the pressure systems and to actuate the 
control valve 36 upon demand. A footswitch control 
47 is connected to the control system 46 to enable 
the surgeon to turn on and off the fluid jet and 
vacuum aspiration systems without manual input. 
The control system 46 also includes a hobbsmeter; 
i.e.. a device for displaying elapsed operating time, 
as well as vacuum pressure, fluid jet pressure, and 
pulse rate. 

As shown in Figure 6. the fluid pressure pump 

may comprise a peristaltic pump 51 to generate 
fluid pressure without risk of excessive pressure or 
volume. The pressure pump may also comprise a 
positive displacement piston pump, a, diaphragm 
pump, a gear pump, or the like, all known in the 
prior art. 

With regard to Figures 7 and 8. one embodi- 
ment of the pulse forming device 37 described 
above comprises a body 52 having a chamber 
formed therein, and a disk 53 disposed within the 
chamber and mounted on a pivot shaft 55 for 
rotation thereabout. The body 52 includes a flow 
channel 57 extending therethrough parallel to the 
shaft 55, and the disk 53 includes a plurality of 
holes 56 extending through and spaced about the 
periphery. The disk 53 blocks the flow channel and 
prevents fluid passage therethrough. The holes 56 
are positioned with respect to the shaft 55 and the 
flow channel 57 so that the holes 56 are brought 
into registration with the flow channel 57 sequen- 
tially and reiteratively, so that a brief period of fluid 
flow is established by the passage of each hole 56 
past the channel 57. As a result, rotation of the disk 
53 results in a continuous train of fluid pulses 
through the channel 57. A stepper motor 54 is 
coupled to the disk 53, and a variable speed drive 
system coupled to the stepper motor enables a 
selectively variable pulse rate. 

A further embodiment of the pulse forming 
device 37, shown in Figure 9, includes a valve 
body 63 having a flow channel 61 extending there- 
through. A valve stem 62 is reciprocally translat- 
able in the valve body, and the end of the valve 
stem is disposed to block the channel 61 when 
translated distally. A solenoid actuator 64 is dis- 
posed to drive the valve stem distally, and a spring 
66 is mounted between the valve body and the 
valve stem to return the valve stem proximally. The 
solenoid is connected to an electrical pulse source 
having a variable pulse rate, so that the valve stem 
may be driven at a selected rate to Interrupt the 
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flow channel 61 and create a train of fluid pulses. 

It should be noted that the operating param- 
eters of the invention, including pulse rate, jet pres- 
sure, and vacuum pressure., may be varied to 

5 optimize desired effects such as cutting and emul- 
sifying for various types of tissue, These param- 
eters may be determined empirically. 

With regard to Figure 10. a preferred use of 
the apparatus comprises removal of the ocular lens 

70 71 for the purpose of correcting visual problems 
due to cataracts or other defects In the lens. The 
lens 71 is circumscribed by the iris 72 and the 
ciliary muscle 73 which is secured to the lens by 
the ciliary zonular fibers 75. The cornea 74 extends 

75 across the anterior medial portion of the eye, and 
the anterior chamber 76 of the eye is defined 
between the cornea and the iris and lens. The lens 
is surrounded by a capsule (not shown). 

To remove the lens 71, the cannula probe 18 

20 of the invention is extended through a small inci- 
sion or puncture hole beyond the margin of the iris, 
through the lens capsule to impinge on the lens 
itself. At this point the fluid pressure and aspiration 
systems are actuated by the foot control 47. and 

25 the cannula probe 18 begins to emitting high pres- 
sure pulses of fluid that impinge on a target zone 
at the lens surface. The pulsed fluid jet from the 
tube 19 incises the laminar layers of the lens, and 
the shock waves induced in the target zone by the 

30 pulse action cause the lens tissue to emulsify in 
the fluid. The emulsified tissue and fluid are as- 
pirated by the outer tube 21 and removed from the 
eye. As tissue is removed from the target zone a 
fresh target surface is exposed; as the pulsed fluid 

35 jet end aspiration continue, the lens tissue is. in- 
crementally but rapidly removed. After removal of 
the entire lens, a lens prosthesis may be Inserted 
and anchored in its place to provide proper optical 
correction to optimize visual acuity. 

40 The present invention provides several advan- 
tages over prior art devices such as ultrasound 
phako-emulsifiers. For example, the pulsed jet of 
the invention is highly directional, so that the cut- 
ting and emulsifying effects may be applied pre- 

45 cisely to a tissue target. In contrast, ultrasound 
energy can cause unintended damage to tissue 
adjacent to a target, due to reflection, acoustic 
conduction and resonance, and the like. These 
acoustic effects can be unpredictable due to un- 

50 foreseen variations in tissue composition. This dan- 
ger has caused many surgeons to be reluctant to 
use ultrasonic devices in delicate surgery. Further- 
more, the apparatus of the invention is generally 
less costly than ultrasound devices, and thus prom- 

55 ises to lower the cost of surgical procedures such 
as cataract removal. 

The claims which follow identify embodiments 
of the invention additional to those described 
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above. a source of negative pressure, said aspiration 

tube being disposed closely adjacent to said 
Claims jet tube. 



1. An apparatus for removing tissue from a tissue 

target, including; jet means for directing a fiigh 
pressure fluid jet at the tissue target; pressure 
means for supplying said jet means with high 
pressure fluid; and aspiration means for as- 
pirating fluid and tissue form said tissue target. 

2. The apparatus of claim 1, wherein said jet 
means includes a jet tube connected to said 
pressure means and selectively aimable at a 
tissue target. 

3. The apparatus of claim 2. wherein said jet tube 
includes a distal output end and said aspiration 
tube includes a distal intake end, and said 
distal output end of said jet tube is recessed 
proximally within said distal intake end of said 
aspiration tube. 

4. The apparatus of claim 1, 2. 3, wherein said 
pressure means includes means for generating 
pulses of high pressure, whereby said jet 
means emits a jet of high pressure fluid 
pulses. 

5. The apparatus of claim 4, further including 
means for selectively varying the frequency of 
said means for generating pulses. 

6. The apparatus of any one of the preceding 
claims, wherein said pressure means includes 
means for selectively varying the pressure of 
the fluid supplied to said jet means. 

7. The apparatus of any one of the preceding 
claims, further comprising means for prevent- 
ing contact of said jet means with the surgical 
site. 

8. The apparatus of claim 7, wherein said pre- 
venting means comprises positioning said jet 
means proximally of said aspiration means. 

9. The apparatus of any one of the preceding 
claims, wherein said jet means directs high 
pressure fluid at sufficient force to cut tissue. 

10. The apparatus of any one of the preceding 
claims, further comprising means for spacing 
said jet means from said aspiration means. 

11. The apparatus of any one of the preceding 
claims, wherein said aspiration means Includes 
an aspiration tube adapted to be connected to 



5 12. The apparatus of any one of the preceding 

claims, wherein said aspiration tube is dis- 
posed concentrically about said jet tube. 

13, The apparatus of any one of the preceding 
70 claims, wherein said aspiration means includes 

negative pressure means and means for selec- 
tively varying the pressure of said negative 
pressure means. 

75 14. The apparatus of any one of the preceding 
claims, further including handpiece means for 
directing said jet means and said aspiration 
means at the tissue target. 

20 15. The apparatus of claim 14, wherein said hand- 
piece means has a distal end and a proximal 
end, and a cannula probe extending from said 
distal end. 

25 16. The apparatus of claim 15, wherein said jet 
means includes a jet tube in said cannula 
probe, and said aspiration means includes an 
aspiration tube in said cannula probe. 

30 17. The apparatus of claim 15 or 16, wherein said 
cannula probe is dimensioned to be insertable 
through an incision Into the lens capsule of the 
eye. 

35 18. The apparatus of any one of claims 14 to 17, 
wherein said pressure means includes a pres- 
sure channel extending through said handpiece 
from its proximal end to Its distal end. 

40 19. The apparatus of any one of claims 14 to 18, 
wherein said aspiration means includes a neg- 
ative pressure channel extending through said 
handpiece from its proximal end to its distal 
end. 

45 

20. The apparatus of any one of claims 14 to 19, 
wherein said aspiration means includes a safe- 
ty release port in said handpiece, said safety 
release port extending to the ambient atmo- 

50 sphere, said safety port being disposed to be 

selectively occluded by manual action. 

21. The apparatus of any one of claims 14 to 20, 
further Including means to supply high pres- 

55 sure fluid to said jet means and negative pres- 

sure to said aspiration channel and flexible 
tubing assembly means joined to said proximal 
end of said handpiece and connecting the 
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handpiece with the pressure supply means. 



5 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



1 



13 26 14 




Figure_4 




EP0 657 150 A1 



# 






rigure_10 




4 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



AppBcHiiHi Numbs 

EP 93 12 0090 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citadoo of dooumait with indksdoii, 
of 



wfaetc appropriate. 



RcfeVBDt 

Co< 



CLASSmCATlON OF THE 
APPUCATION qatCLfi) 



US-A-4 024 866 (WALLACH) 

* column 1, line 44 - column 2, line 45 * 

* column 3, line 7 - line 40 * 

* column 4, line 58 - column 5, line 19 * 

* column 5, line 55 - column 6, line 22 * 

* column 6, line 65 - column 7, line 32 * 

* column 8, line 54 - column 9. line 23; 
figures 4-6,9 * 

EP-A-0 555 549 (DORNIER) 

* column 4, line 48 - column 5, line 32 * 

* column 7, line 9 - line 33; figure 5 * 

EP-A-0 447 718 (SAGE) 

* column 3, line 6 - line 22; figure 1 * 



1-19,21 



A61F9/00 
A61B17/32 



1-3.7-14 



1.14,20 



TECHNICAL FIELDS 
SEARCHED 0x0.0.6) 



A61F 

A61B 
A61M 



The present search report has been drawn up for lU 



Place of Acarcfe 

BERLIN 



D^of tMtphttwoftfca ie«^ 

20 May 1994 



Monne, E 



CATEGORY OF QTED DOCUMENTS 

X : particularly rdcvsnt If taken aloot 

Y : partiaalarly relevant if comlNned with another 

documoit of tiie same categoiy 
A : technol(^cal badtground 
O : noa-wrhtcn disdosnrt 
P : Interaediate document 



T : tbeory or principle undertying the inventiOB 
E : earlier patent document, but pubUsbed on, or 

aftv the filing date 
D : document dted in the appUcatioo 
L : doeoment dted for other reasons 

iTrnmbv famUy, coneipondtat 

document 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SmES 

□ FADED TEXT OR DRAWING 



BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 



)J REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 
□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 





